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Long-term pharyngeal airway changes after 
bionator treatment in adolescents with skeletal 
Class II malocclusions
Objective: The aim of this study was to evaluate long-term changes in 
the pharyngeal airway dimensions after functional appliance treatment in 
adolescents with skeletal Class II malocclusions. Methods: Pharyngeal airway 
dimensions were compared between subjects with skeletal Class II malocclusions 
(n = 24; mean age: 11.6 ± 1.29 years) treated with a Class II bionator and age-
matched control subjects with skeletal Class I occlusions (n = 24; mean age: 
11.0 ± 1.21 years) using a series of lateral cephalograms obtained at the initial 
visit (T0), after treatment (T1), and at the completion of growth (T2). Results: 
The length of the nasopharyngeal region was similar between adolescents with 
skeletal Class I and Class II malocclusions at all time points, while the lengths 
of the upper and lower oropharyngeal regions and the pharyngeal airway areas 
were significantly smaller in the skeletal Class II adolescents before treatment 
when compared to the control adolescents (p < 0.05). However, following treat-
ment with a functional appliance, the skeletal Class II adolescents had increased 
pharyngeal airway dimensions, which became similar to those of the control 
subjects. Conclusions: Functional appliance therapy can increase the pharyngeal 
airway dimensions in growing adolescents with skeletal Class II malocclusions, 
and this effect is maintained until the completion of growth.
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INTRODUCTION
  Patients with skeletal Class II malocclusions and 
retrusive mandibles can have breathing problems.1 In 
an analysis using cone-beam computed tomography 
ima ging, children classified with skeletal Class II maloc-
clusions and retrusive mandibles also had smaller pha-
ryngeal airway dimensions than children with ske le tal 
Class I malocclusions.2 Without therapeutic intervention, 
voluntary anterior-posterior compensation does not 
occur with normal growth of the mandible.3-5 Therefore, 
children with skeletal Class II malocclusions may 
have a higher probability of maintaining the skeletal 
phe notype, even after growth, as they have smaller 
pharyngeal airway dimensions than children with Class I 
malocclusions.
  The pharyngeal airway is divided into the nasopharynx, 
oropharynx, and laryngeal pharynx, among which the 
nasopharynx and oropharynx play an important role 
in respiration. The adenoids can be found within the 
nasopharyngeal region, and their enlargement may 
induce mouth breathing due to a reduction in the di-
men sion of the nasopharyngeal airway.6 Narrow pha-
ryngeal airway dimensions in the oropharyngeal area 
also cause breathing problems and may lead to a reduc-
tion in growth hormone levels in growing children and 
obstructive sleep apnea in adults.7,8 
  With abnormal breathing, a growing child may show 
problems with maxillofacial growth, such as a vertical 
facial pattern, skeletal Class II malocclusion, and poste-
rior crossbite.9 However, the jaw bones have been veri-
fied to grow normally once the respiratory functions are 
recovered by removing the factors that infringe brea-
thing.10 
  Although many studies have demonstrated the skeletal 
effects of Class II functional appliances, reports on the 
effect of functional appliances on the soft tissues and 
muscles around the maxillofacial region are limited.11 
In a study by Ozbek et al.,12 the oropharynx increased 
in subjects with skeletal Class II malocclusions after 
treatment with Harvold-type activators; however, the 
observation period of less than 2 years was relatively 
short. Hänggi et al.13 reported a short-term increase 
and a long-term (up to 12.0 years) maintenance of the 
pha ryngeal airway dimension after activator treatment 
in subjects with skeletal Class II malocclusions during 
growth. However, in this study, headgear and functional 
appliances were simultaneously used, and specific 
evaluation regarding growth, such as the use of hand-
wrist radiographs, did not occur.
  Thus, the objective of this study was to evaluate the 
short-term and long-term changes in pharyngeal air-
way dimensions in adolescents with skeletal Class II 
malocclusions treated only with functional appliances. 
MATERIALS AND METHODS 
Subjects
  The treatment records of adolescents with skeletal Class 
II malocclusions were retrieved from the Department of 
Orthodontics at Gangnam Severance Dental Hospital 
located in Seoul, Korea, with the approval of the insti-
tutional review board retrospectively (No. 3-2013-0105). 
The inclusion criteria were as follows:
· Adolescents who had not yet reached peak growth 
with a skeletal maturity indicator (SMI) <5, as 
evaluated by hand-wrist radiographs.14 
· Diagnosed with skeletal Class II malocclusion and 
retru sive mandible, including an A point-Nasion-B 
point angle (ANB) >5o, Sella-Nasion-B point angle 
(SNB) < 77o, and overjet > 5 mm. Treated with a 
Class II bionator with good compliance to treatment.
· Presence of serial lateral cephalograms before treat-
ment (T0), after functional appliance treatment (T1), 
and at the completion of growth (T2). 
· Presence of hand-wrist radiographs to evaluate 
growth, as well as for comparison to the lateral 
cepha lograms at T0 and T2.
· A skeletal midline deviation > 2 mm. 
  A total of 24 subjects were included in the bionator 
group (mean age: 11.6 ± 1.29 years), and the mean 
treatment period with a Class II bionator was around 2 
Table 1. Mean age (year) and number of subjects 
 
Bionator group Control group 
T0 T1 T2 T0 T1 T2
Male (n = 12) 12.3 ± 0.99 14.2 ± 1.13 20.2 ± 1.85 12.0 ± 0.91 14.0 ± 1.21 20.2 ± 1.37
Female (n = 12) 10.8 ± 1.14 13.0 ± 0.74 19.5 ± 2.54 10.0 ± 0.74 12.8 ± 0.66 21.6 ± 2.40
Total (n = 24) 11.6 ± 1.29 13.6 ± 1.26 19.9 ± 2.19 11.0 ± 1.21 13.4 ± 0.45 20.9 ± 2.12
Values are presented as mean ± standard deviation.
T0, Before treatment; T1, after functional appliance treatment in the bionator group and after an observation period of the 
same length in the control group; T2, completion of growth.
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years. 
  For the control group, age-matched subjects (mean 
age: 11.0 ± 1.21 years) who were diagnosed as skeletal 
Class I (0o < ANB < 4o) with minor dental crowding 
and had serial lateral cephalograms (T0; T1, taken 2 
years after T0; and T2) along with matching hand-wrist 
radiographs were selected. The subjects’ demographic 
features are shown in Table 1.
Measurements
  The software program, V-Ceph 6.0 (Osstem Implant Co. 
Ltd., Seoul, Korea), was used to perform five linear and 
four angular measurements. A line was reconstructed 7o 
upward from the Sella-Nasion line at Nasion and was 
defi ned as the horizontal reference plane (HRP); a line 
per pendicular to the HRP and tangent to the anterior 
wall of Sella was defined as the vertical reference plane 
(VRP) (Figure 1).15
  To determine the angular measurements, we per-
formed the following calculations: The perpendicular 
distance from A point to the VRP was defined as the 
length of the maxillary basal bone (Mx base), and the 
per pendicular distance from B point to the VRP was 
defined as the length of the mandibular basal bone (Mn 
base). Mx-Mn was defined as the difference in length 
between the Mx base and the Mn base. For angular 
measurements, SNA, SNB, ANB, gonial angle, and 
mandibular plane angle (Mn plane angle) were mea-
sured.
  For the pharyngeal airway measurements, we utilized 
the following: D1, D2, and D3. The D1 measurement 
corresponded to the length at which the PNS-Ba line 
intersected the pharyngeal airway. Meanwhile, D2 re-
ferred to the length of the upper oropharyngeal region 
and was measured at the narrowest distance between 
the soft palate and posterior pharyngeal wall. D3 in-
dicated the length of the lower oropharyngeal region 
and was measured at the narrowest distance between 
the base of tongue and the posterior pharyngeal 
wall.13,16 The pharyngeal airway area was measured as 
the area between D1 and D3 (Figure 1).
Statistical analysis
  The IBM SPSS Statistics 19.0 for Windows (IBM Co., 
Armonk, NY, USA) was used for statistical analysis. The 
Figure 1. Measurements of linear, angular, and pharyn­
geal airway dimensions. HRP, horizontal reference plane; 
VRP, vertical reference plane; S, Sella; N, Nasion; Ba, 
Basion; PNS, posterior nasal spine; A, A point; B, B point; 
D1, the length at which the PNS­Ba line intersects the 
pharyngeal airway; D2, the narrowest distance between 
the soft palate and the posterior pharyngeal wall; D3, the 
nar rowest distance between the base of tongue and the 
posterior pharyngeal wall; Area, the area between D1 and 
D3. 
Mx base and Mn base indicate A point and B point 
perpendicular distances to VRP, respectively. Mn plane 
indicates Gonion­Menton line.
Table 2. Comparison of pharyngeal airway dimensions between male and female subjects before treatment
 
Bionator group Control group 
 Male Female Male Female
D1 (mm) 17.79 (14.96 - 23.34) 18.71 (14.55 - 22.39) 16.25 (13.41 - 20.68) 17.37 (15.50 - 21.63)
D2 (mm) 8.40 (6.17 - 10.26) 9.02 (6.12 - 11.47) 9.56 (8.23 - 13.11) 10.33 (8.83 - 13.74)
D3 (mm) 10.20 (5.88 - 12.60) 9.75 (6.07 - 11.54) 10.03 (6.99 - 14.55) 11.55 (9.31 - 16.35)
Area (mm2) 486.84 (387.1 - 681.7) 510.01 (409.6 - 532.2) 554.37 (443.8 - 625.1) 579.64 (443.4 - 740.7)
Values are presented as median (minimum - maximum). 
All data is not statistically significant. 
See Figure 1 for the landmarks and the measurements.
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Wilcoxon rank sum test was used for gender comparison 
of the pharyngeal airway measurements at T0. Two-
sample t-test was conducted to compare measurements 
between the bionator and control group. Paired t-test 
was used to compare changes in the pharyngeal airway 
dimensions within the groups during each observa tion 
period (T1-T0, T2-T1, and T2-T0). A two-sample t-test 
was conducted to compare intergroup differences in 
changes in pharyngeal airway dimensions. The interac-
tion effect was calculated by using a linear mixed model 
in order to identify the relationship between the skeletal 
measurements and pharyngeal airway measurements. 
One operator examined all measurements. To evaluate 
the intra-operator reliability, the same operator reana-
lyzed 30 randomly selected cephalometric tracings in a 
two-week interval. The intraclass correlation coefficient 
showed a high reliability (> 0.95). 
RESULTS
Comparison of pharyngeal airway dimensions between 
the genders before treatment (Table 2)
  At T0, there was no significant difference in the pha-
ryngeal airway dimension measurements between males 
and females (p > 0.05).
Comparison of skeletal and pharyngeal airway dimen­
sions between the bionator and control group (Table 3)
  In the bionator group, ANB decreased from 7.0 ± 1.70o 
before treatment (T0) to 5.1 ± 1.58o after functional 
appliance treatment (T1). Additionally, in the bionator 
group, the difference in length between the basal bones 
of the upper and lower jaws (Mx-Mn) also decreased 
from 10.7 ± 2.00 mm (T0) to 8.5 ± 2.18 mm (T1) with 
functional appliance treatment. The ANB and Mx-Mn of 
the control group was relatively stable from T0 to T1. 
  In terms of the pharyngeal airway, D1 was similar bet-
ween the bionator and control groups at T0 (p > 0.05). 
However, D2, D3, and pharyngeal airway area (Area) 
were significantly smaller in the bionator group when 
compared to those of the control group at T0 (p < 0.05). 
Following the use of a functional appliance (T1) and 
also after the completion of growth (T2), D1, D2, D3, 
and Area in the bionator group reached similar levels to 
those of the control group (p > 0.05).
Changes in the pharyngeal airway measurements during 
each observation period (Table 4) 
  Pharyngeal airway measurements significantly increa-
sed throughout the observation period (T1-T0, T2-T1, 
and T2-T0) for both the bionator and control groups 
(p < 0.05). However, the increase from T0 to T1 was 
significantly larger in the bionator group than in the 
Table 3. Comparison of measurements between the control and bionator groups
 













SNA (o) 80.5 ± 3.38 79.3 ± 1.99 NS 80.5 ± 3.03 79.7 ± 2.66 NS 81.6 ± 2.98 80.8 ± 2.99 NS
SNB (o) 73.5 ± 3.31 76.4 ± 2.90 ** 75.4 ± 3.24 76.8 ± 2.85 * 77.0 ± 3.80 78.7 ± 3.94 NS
ANB (o) 7.0 ± 1.70 2.9 ± 0.43 *** 5.1 ± 1.58 2.9 ± 0.51 *** 4.6 ± 1.75 2.2 ± 0.59 ***
Gonial angle (o) 121.5 ± 5.43 122.2 ± 5.34 NS 121.2 ± 5.83 121.9 ± 6.34 NS 120.2 ± 5.43 120.8 ± 6.64 NS
Mn plane angle (o) 37.6 ± 4.91 38.5 ± 4.76 NS 37.8 ± 5.39 38.2 ± 5.04 NS 37.2 ± 6.00 36.7 ± 4.84 NS
Mx base (mm) 62.4 ± 4.24 60.0 ± 3.43 NS 63.5 ± 2.82 62.0 ± 3.48 NS 64.9 ± 2.95 64.4 ± 3.91 NS
Mn base (mm) 51.7 ± 4.15 53.8 ± 4.52 NS 55.0 ± 3.54 55.7 ± 5.08 NS 57.1 ± 4.10 58.5 ± 4.52 NS
Mx-Mn (mm) 10.7 ± 2.00 6.2 ± 1.82 *** 8.5 ± 2.18 6.3 ± 1.86 ** 7.8 ± 2.62 6.0 ± 1.81 *
D1 (mm) 17.9 ± 2.59 17.2 ± 2.34 NS 20.1 ± 2.42 19.3 ± 2.56 NS 21.3 ± 2.30 21.0 ± 2.44 NS
D2 (mm) 8.5 ± 1.56 10.3 ± 1.53 *** 10.5 ± 1.26 11.1 ± 1.61 NS 11.0 ± 0.91 11.8 ± 1.70 NS
D3 (mm) 9.8 ± 1.78 11.3 ± 2.22 * 11.2 ± 2.12 12.4 ± 2.39 NS 11.8 ± 2.30 13.2 ± 2.45 NS
Area (mm2) 492.5 ± 70.27 557.6 ± 77.37 ** 598.5 ± 73.00 614.2 ± 88.60 NS 635.5 ± 67.69 654.4 ± 73.74 NS
Values are presented as mean ± standard deviation. 
Sig, Significance; NS, not significant; *p < 0.05; **p < 0.01; ***p < 0.001.
T0, Initial; T1, right after functional appliance treatment in the bionator group and after the same duration in the control 
group; T2, growth completion; SNA, Sella-Nasion-A point angle; SNB, Sella-Nasion-B point angle; ANB, A point-Nasion-B 
point angle.
See Figure 1 for the landmarks and the measurements. 
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control group, except for D1 (p < 0.05). The pharyngeal 
airway dimensions increased during the posttreatment 
observation period (T2-T1) and were similar in both 
groups. For the overall changes from T0 to T2, the 
bionator group had significantly greater changes in D2, 
D3, and Area compared to those of the control group (p 
< 0.05).
Interaction effects between the skeletal measurements 
and pharyngeal airway measurements (Table 5) 
  The interaction effects between the skeletal mea sure-
ments (SNA, SNB, ANB, gonial angle, Mn plane angle, 
Mx base, Mn base, and Mx-Mn) and pharyngeal airway 
measurements (D1, D2, D3, and Area) were examined 
using a linear mixed model. Gonial angle (p < 0.001) 
and Mn plane angle (p < 0.05) showed significant 
relationships with D2, while SNB showed a significant 
relationship with Area (p < 0.001). Mx-Mn also exhibited 
a significant relationship with D3 (p < 0.01). 
DISCUSSION
  This study showed that adolescents with skeletal Class 
II malocclusions treated with functional appliances ex-
perienced increased pharyngeal airway dimensions and 
that such changes were maintained throughout growth 
until the completion of growth.
  According to our results, there was no significant dif-
ference in the nasopharyngeal region (D1) from T0 to 
T2 between the two groups. This is probably because 
the nasopharyngeal region is directly influenced by the 
size of the adenoids and is not changed by orthopedic 
treatment.17 The adenoids reach their greatest size at 
the age of 10 years in boys and 9 years in girls and then 
gradually decrease thereafter.18 However, in this study, 
the mean age of the male subjects at T0 was 12.0 years 
and 12.3 years in the control and bionator groups, 
respectively, while the mean age of the female subjects 
at T0 was 10.0 years and 10.8 years in the control and 
bionator groups, respectively. Furthermore, reports have 
indicated that adolescents experience a reduction in 
adenoid size19,20 which could explain the increase in 
D1 in both the bionator and control groups during the 
treatment period and also during the posttreatment 
period. 
  In the oropharyngeal region, the narrowest part of 
the cross section is considered clinically important in 
terms of airflow and oxygen saturation.21 Therefore, in 
this study, the narrowest distances from the poste rior 
soft palate to the posterior pharyngeal wall and the 
narrowest distance from the posterior tongue base to 
the posterior pharyngeal wall were used as measure-
ments for the upper and lower oropharyngeal regions, 
respectively. From a comparison of the bionator and 
control groups, adolescents with skeletal Class II maloc-
clusions had significantly smaller oropharyngeal regions 
when compared to adolescents with skeletal Class I 
malocclusions at the initial visit (p < 0.05). Previous 
Table 4. Changes in pharyngeal airway dimensions in the bionator and control groups
 
 













D1 (mm) 2.2 ± 1.62** 2.2 ± 1.96** NS 1.2 ± 1.16** 1.7 ± 2.08** NS 3.5 ± 2.11** 3.9 ± 2.49** NS
D2 (mm) 2.0 ± 1.03** 0.8 ± 1.45* +++ 0.5 ± 0.75* 0.8 ± 1.60* NS 2.5 ± 1.30** 1.6 ± 1.80** ++
D3 (mm) 1.5 ± 1.24** 1.2 ± 1.59** + 0.6 ± 1.18* 0.8 ± 1.21* NS 2.0 ± 1.86** 1.9 ± 1.89** +
Area (mm2) 105.9 ± 65.85* 56.6 ± 52.14** +++ 37.0 ± 61.73* 40.2 ± 49.46** NS 142.9 ± 83.14** 96.8 ± 55.85** +++
Values are presented as mean ± standard deviation. 
Sig, Significance; NS, not significant; comparisons within each group. 
*p < 0.05; **p < 0.01; ***p < 0.001; comparisons between the bionator and control groups. + p < 0.05; ++ p < 0.01; +++ p < 0.001.
T0, Initial; T1, right after functional appliance treatment in the bionator group and after the same duration in the control 
group; T2, growth completion.
See Figure 1 for the landmarks and the measurements.
Table 5. Interaction effects between the skeletal mea­








SNA (°) NS NS NS NS
SNB (°) NS NS NS ***
ANB (°) NS NS NS NS
Gonial angle (°) NS *** NS NS
Mn plane angle (°) NS * NS NS
Mx base (mm) NS NS NS NS
Mn base (mm) NS NS NS NS
Mx-Mn (mm) NS NS ** NS
NS, Not significant; *p < 0.05; **p < 0.01; ***p < 0.001.
See Figure 1 for the landmarks and the measurements.
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studies demonstrated similar results in skeletal Class II 
subjects with significantly smaller pharyngeal airway 
dimensions in the oropharynx than skeletal Class I 
subjects, in both adults and children.22,23 This is probably 
because pharyngeal airway dimensions become narrower 
due to posterior positioning of the tongue and soft 
palate in subjects with retrognathic mandibles.12
  After functional appliance treatment, pharyngeal air-
way dimensions corresponding to the oropharynx in-
creased in skeletal Class II subjects and reached similar 
dimensions to that of the skeletal Class I subjects. This 
indicates that during functional appliance treatment 
the increase in the pharyngeal airway dimensions ex-
ceeded the increase normally seen with growth. In addi-
tion, there was no difference in measurements after 
the termination of growth between the two groups, 
sug gesting that the increase in the pharyngeal airway 
dimen sion can be maintained until the termination of 
growth. Stretching of the tongue and the suprahyoid 
muscles can accompany the mandibular advancement 
seen with functional appliance treatment, which in turn 
leads to an increased pharyngeal airway dimension and 
therefore improved respiration.24 
  The upper oropharyngeal region was reported to in-
crease by about 0.5 mm during growth.13 In this study, 
the increase in the upper oropharyngeal region was 
about 0.8 mm in the skeletal Class I subjects, while 
the skeletal Class II subjects treated with functional 
appliances showed an increase that was more than 
twice as large at 2.0 mm during the same period. With 
respect to the lower oropharyngeal region, the mean 
lower oropharyngeal dimension of the skeletal Class II 
subjects was 11.8 mm after the completion of growth in 
this study, corresponding well to the previously reported 
normal range of 10 - 12 mm.25
  Considering the relationship between skeletal mea-
sure ments and pharyngeal airway measurements, a sig-
nificant interaction effect was detected between SNB 
and the pharyngeal airway area (p < 0.001). Gonial angle 
and mandibular plane angle only showed a significant 
interaction effect in the upper oropharyngeal region (p < 
0.05). Therefore, it can be hypothesized that the vertical 
facial pattern influences the upper oropharyngeal re-
gion. In addition, a difference in the basal bone length 
between the upper and lower jaws (Mx-Mn) showed 
a significant interaction effect with the lower oro-
pha ryngeal region (p < 0.01). Additional studies with 
a larger sample size could provide insight into the 
specific interactions between skeletal measurements and 
pharyngeal airway dimensions.
  In this study, ANB and Mx-Mn differences in the bio-
nator group during treatment were improved by 1.9o and 
2.2 mm, respectively. Such increases did not demonstrate 
any relapses until the termination of appliance treat-
ment. After functional appliance treatment, an increase 
in the pharyngeal airway dimension can be seen as 
a result of the combination of treatment effects and 
normal pharyngeal airway growth.17 Therefore, future 
studies comparing untreated and treated adolescents 
with skeletal Class II malocclusions would be helpful in 
evaluating pure treatment effects.
  Lateral cephalograms have been used in many studies 
to analyze pharyngeal airway dimensions. Even though 
lateral cephalograms only provide two-dimensional 
infor mation and three-dimensional images are more 
infor mative, regular imaging using three-dimensional 
tech niques in growing adolescents is not necessary for 
orthodontic treatment purposes. A small increase in 
the sagittal plane may lead to greater changes in the 
pharyngeal airway dimensions, which could then im-
prove airflow.13  
  In growing adolescents, treatment with functional 
appli ances allows harmonious craniofacial development 
through changes in the hard and soft tissues, accom-
panied by increases in pharyngeal airway dimensions. 
CONCLUSION
  Growing adolescents with skeletal Class II malocclu-
sions treated with functional appliances demonstrated 
an increase in pharyngeal airway dimensions of the 
oropharyngeal region, and such changes were consis-
tently maintained even after the completion of growth. 
Therefore, through appropriate therapeutic intervention, 
an improvement in the skeletal relationship can help 
obtain an additional advantage with respect to pharyn-
geal airway dimensions, as well as improve the facial 
profile and dentoalveolar relationship.
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